Abstract. Hilar cholangiocarcinoma is often unresectable at the time of the initial diagnosis, and the provision of a definite palliative benefit is important in patients with unresectable hilar cholangiocarcinoma. The aim of the present study was to evaluate the safety of percutaneous biliary stenting and to analyze whether percutaneous biliary stenting combined with radiotherapy (RT) prolonged the stent patency and survival time of patients. In total, the cases of 38 patients with unresectable hilar cholangiocarcinoma that underwent percutaneous biliary stenting at the Navy General Hospital were retrospectively reviewed in the present study. Uncovered metallic stenting (UMS) combined with RT was administered to 25 patients, and UMS alone was administered to 13 patients. The records of early complications subsequent to percutaneous biliary stenting were collected, and the stent patency and survival times of patients were analyzed and compared between the two groups. The technical success rate of the procedure was 100% and the successful drainage rate was 86.8%. The overall early complication rate was 15.8% and the procedure-associated mortality rate was 2.6%. The median stent patency was 326 days in the UMS+RT group and 196 days in the UMS group (P= 0.022). The UMS+RT group (median, 367 days) demonstrated a longer survival time compared with the UMS group (median, 267 days; P= 0.025). Percutaneous biliary stenting offers a safe and effective method for the palliative treatment of patients with unresectable hilar cholangiocarcinoma, and percutaneous biliary stenting combined with RT may prolong stent patency and patient survival time.
Introduction
Hilar cholangiocarcinoma, also termed Klatskin's tumor, is an uncommon, but not rare, malignancy that involves the confluence of the hepatic ducts or the right or left main hepatic ducts. Hilar cholangiocarcinoma accounts for ~60% of all cholangiocarcinoma cases (1) . En bloc resection of the tumor, including negative histological resection margins, is the only treatment method that results in the long-term survival of patients (2) . However, despite hilar cholangiocarcinoma exhibiting slow growth and late metastasis, tumor invasion of the vital hilar structures often leads to a low rate of resectability (3) . A study published by the Memorial Sloan-Kettering Cancer Centre revealed that the rate of radical excision of hilar cholangiocarcinoma is <30% (2) . Therefore, a large proportion of patients have lost the opportunity for curative treatment at the time of the initial diagnosis, and undergo palliative care to alleviate the symptoms of the disease and lengthen life.
In the previous two decades, percutaneous biliary stenting and radiotherapy (RT) were palliative care programs that were widely used for patients with unresectable hilar cholangiocarcinoma (4) (5) (6) (7) (8) (9) . However, the risk of complications of percutaneous biliary stenting was increased compared with the risks of endoscopic biliary stenting (10) . By contrast, the bile duct consists of isolated segments and not all of the bile ducts come together, so only an uncovered metallic stent may achieve full biliary drainage. However, as a result of tumor ingrowth or overgrowth, the insertion of an uncovered metallic stent alone cannot yield a satisfactory stent patency or patient survival time (11) (12) .
Consequently, a retrospective review of the cases of 38 patients with unresectable hilar cholangiocarcinoma that underwent percutaneous biliary uncovered metallic stenting (UMS) was performed. Out of the 38 patients, 25 patients underwent UMS combined with RT, termed the UMS+RT group, and 13 patients underwent UMS alone, termed the UMS group. The purpose of the present study was to evaluate the safety of percutaneous biliary stenting and to analyze whether percutaneous biliary stenting combined with RT prolonged the stent patency and patient survival time.
Materials and methods
Patients. In total, 106 patients with unresectable hilar cholangiocarcinoma were treated at the Navy General Hospital (Beijing, China) between January 2007 and December 2013, and were identified in the present study using a database maintained by the Department of Hepatobiliary Surgery and Liver Transplantation Surgery of the Navy General Hospital. Unresectable hilar cholangiocarcinoma was diagnosed by cholangioscopy with biopsy, clinical manifestations and imaging examinations, including magnetic resonance imaging and computed tomography. The clinical, imaging and survival data of the patients were retrospectively analyzed in the present study. The unresectable standard was defined as the vital hilar structures being infringed by the tumor and distant lymph node or viscera metastases, which was unable to be resected using an R0 resection, or patients were unable to tolerate surgery due to accompanying surgical contraindications.
In total, 38 patients underwent percutaneous biliary stenting, 1 of which succumbed within a perioperative period of 30 days, and no patients were lost to follow-up. Endoscopic stenting was performed in 7 patients, purely external biliary drainage was performed in 49 patients and supportive care was administered to 12 patients. According to the performance status and economic conditions for the use of RT, 25 patients were treated using UMS combined with RT, termed the UMS+RT group, and 13 patients were treated using UMS alone, termed the UMS group. Percutaneous biliary stenting was performed at the Department of Radiology of the Navy General Hospital prior to June 2013, and was subsequently performed by the Department of Hepatobiliary Surgery Comprehensive Treatment Room. Informed consent was obtained from each patient and ethical approval was obtained from the ethics committee of the Navy General Hospital.
Percutaneous biliary stenting. Subsequent to intravenous administration of wide-spectrum antibiotics [1.5 g cefotaxime sodium and sulbactam sodium every 12 h (0.75 g/vial) or 0.4 g moxifloxacin hydrochloride and sodium chloride every day (0.4 g/bottle)], percutaneous biliary stenting was performed under moderate sedation and analgesia. Under ultrasound guidance, the dilated peripheral hepatic biliary tree was accessed using a 22 gage, 15-cm Neff Percutaneous Access set (Cook Medical, Inc., Bloomington, IN, USA), and diagnostic cholangiography was performed. A 6.0-Fr, 20-cm catheter (Cook Medical, Inc.) was inserted into the distal obstruction, and contrast agent [100 ml (32 g) ioversol; Covidien Canada, Pointe-Claire, Quebec, Canada] was injected distal to the biliary obstruction, which revealed the length of the biliary occlusion. The guide wire (Merit Medical Systems, Inc., Jordan, UT, USA) was placed through the malignant strictures, and a Niti-S Biliary uncovered stent (Taewoong Medical, Gimpo, Gyeonggi, Korea) of an appropriate length (6 or 8 mm) was advanced across the stricture under fluoroscopy to facilitate the insertion of uncovered metallic stents. Biliary cholangiography was then performed to determine whether the contrast agent flowed through the stent. Once biliary cholangiography revealed that the contrast agent flowed through the stent, a 8.5-Fr 25-cm Multipurpose Drainage Catheter (Cook Medical, Inc.) was inserted into the biliary tract to prevent bile leakage, and the catheter was removed 2 weeks subsequent to surgery. Additional percutaneous transhepatic biliary drainage was performed if the biliary obstruction had not improved (Fig. 1) .
RT administration. RT was performed following the improvement of obstructive jaundice subsequent to percutaneous biliary stenting. All 25 patients received a total dose of 37.0-40.7 Gy external radiation (3.7 Gy; 10-11 fractions). In addition, 13 patients received supportive care due to the absence of RT administration. Blood tests were performed up to the fifth administration of RT in order to assess bone marrow suppression and to address the complications rapidly.
Follow-up. The patient symptoms and biochemical test results
were assessed by the outpatient clinic, telephone follow-ups and hospitalization records. Successful drainage was defined as a decrease in the serum bilirubin level of >75% within 2 weeks of stenting. Stent occlusion was defined as an increase in the activity of hepatic-biliary enzymes, serum bilirubin level and leucocyte count. Abdominal ultrasonography, computed tomography or magnetic resonance imaging revealed dilatation of the intrahepatic bile ducts. The clinical manifestation of dilatation consisted of a body temperature >38˚C and tenderness in the right upper quadrant.
Statistical analysis. All statistical analyses were performed using SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA). Quantitative variables were compared using Wilcoxon signed-rank test. Qualitative variables were compared using Fisher's exact test. The cumulative stent patency and survival curves were analyzed by the Kaplan-Meier method and compared using the log-rank test. The end-point events were stent occlusion and patient survival time. Stent patency was defined as the time between stent placement and occlusion, and the patient survival time was defined as the time to mortality. If neither of the two events occurred by the end of follow-up, the time interval was recorded as censored data. P<0.05 was considered to indicate a statistically significant difference.
Results
Patients. Between January 2007 and December 2013, a total of 38 patients with unresectable hilar cholangiocarcinoma underwent percutaneous biliary stenting at the Navy General Hospital. The patients consisted of 25 males and 13 females, with a mean age of 65.1 years (range, 41-80 years). In total, 25 patients underwent UMS combined with RT and 13 patients underwent UMS alone. The end of the follow-up was June 2014. The technical success rate was 100% and successful drainage was achieved in 92.0 and 76.9% of patients in the UMS+RT and UMS groups, respectively. However, there was no significant difference between the two groups. In addition, there was no significant difference in the patient age, patient gender, Bismuth type, drainage area, pre-operative bilirubin and cancer antigen 19-9 (CA19-9) levels between the two groups. Overall, 17 and 8 patients developed stent occlusion in the UMS+RT and UMS groups, respectively (Table I) .
Early complications within 30 days. In total 2 patients in the UMS+RT group and 1 patient in the UMS group experienced cholangitis. Hemobilia was experienced by 1 patient each in the UMS+RT and UMS groups. In addition, 1 patient developed a bile leak in the UMS group, and 1 patient experienced cholangitis and hemobilia simultaneously in the UMS group. The latter patient succumbed to the complications 26 days subsequent to receiving a stent. The complications were treated with conservative treatment. The overall complication rate was 15.8% (6/38) and the procedure-associated mortality rate was 2.6% (1/38) ( Table I) .
Stent patency and survival time.
The stent patency and patient survival time were compared between the two groups. The median stent patency was 326 days in the UMS+RT group and 196 days in the UMS group. Univariate analysis indicated that the stent patency was significantly longer in the UMS+RT group compared with the UMS group ( Fig. 2A ; P= 0.022). Other factors, including patient age, patient gender, Bismuth type, drainage area, and pre-operative bilirubin and CA19-9 levels were not associated with the stent patency. The median survival time was 367 days in the UMS+RT group and 267 days in the UMS group. Univariate analysis indicated that the survival time was significantly longer in the UMS+RT group compared with the UMS group ( Fig. 2B; P=0.025) . Furthermore, the survival time was significantly longer in the patients with a CA19-9 level <150 U/ml compared with the patients with a CA19-9 level ≥150 U/ml. Other factors did not significantly affect the survival time, according to univariate analysis (Table II) . Table I . General characteristics of enrolled patients.
Group --------------------------------------------------------------------------------------Characteristics
UMS+RT, n UMS, n P-value Procedure-associated mortality 0 1
UMS+RT, uncovered metallic stent combined with radiotherapy; UMS, uncovered metallic stent alone; late stent obstruction, occurred 30 days after stenting. UMS, uncovered metallic stenting; RT, radiotherapy; CA19-9, cancer antigen 19-9.
Discussion
En bloc resection of hilar cholangiocarcinoma tumors, including negative histological resection margins, is the only method for patients to achieve long-term survival, and the majority of patients require resection in combination with partial hepatectomy (2). However, tumors at the confluence of the hepatic ducts usually involve the contralateral second-order biliary or portal veins may not be suitable for resection with a concomitant partial hepatectomy. In addition, certain patients also demonstrate a surgical contraindication (5). This results in a small percentage of patients possessing an opportunity UMS+RT, uncovered metallic stenting combined with radiotherapy; UMS, uncovered metallic stenting alone; CI, confidence interval; CA19-9, cancer antigen 19-9. 
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for complete resection of the tumor with negative histological resection margins. Jarnagin et al previously reported that out of 225 patients with hilar cholangiocarcinoma treated at the Memorial Sloan-Kettering Cancer Centre between 1991 and 2000, 65 patients possessed unresectable disease. In addition, of the 160 patients that underwent exploration with curative intent, only 62 patients underwent radical resection, and the rate of radical excision was <30% (2). However, it is important to provide adequate decompression for patients with unresectable hilar cholangiocarcinoma, since effective biliary drainage may palliate the symptoms of biliary obstruction and improve survival times (5,6) .
The endoscopic or percutaneous approach to biliary stenting is a recognized and effective palliative treatment in patients with malignant obstructive jaundice (13) . However, the complexity of the hilar structures and the frequent involvement of the confluence of the hepatic ducts results in certain patients being unable to achieve successful internal drainage through the endoscopic approach (6) . Percutaneous biliary stenting is technically simple compared with endoscopic biliary stenting, particularly for palliation using Bismuth type III and IV strictures (5). Paik et al indicated that percutaneous biliary stenting may be used as a first treatment modality for biliary decompression in patients with advanced type III or IV hilar cholangiocarcinoma, as the success rate of biliary drainage in the percutaneous biliary stenting group was increased compared with that of the endoscopic biliary stenting group (92.7 vs. 77.3%; P= 0.049) (6) . This study also revealed that successful drainage prolongs the survival time of patients compared with the survival time of patients with failed biliary drainage (8.7 vs. 1.8 months; P<0.001) (6) .
In the present study, it was found that the rate of successful biliary drainage was 86.8%. However, since the patients that demonstrated failed biliary drainage underwent percutaneous transhepatic biliary drainage, the difference in post-operative survival was not comparable. The risk of complications in patients treated with percutaneous biliary stenting was increased compared with the risk in patients treated with endoscopic biliary stenting. The relevant literature reported that the rate of successful biliary drainage, early complications and stent obstruction in malignant hilar biliary obstruction were extremely similar to those in hilar cholangiocarcinoma (5, 14, 15) . A previous randomized trial compared the success rate of biliary drainage, complications and overall median survival between percutaneous and endoscopic stenting for malignant hilar biliary obstruction (10) . In the percutaneous group, the clinical success was increased (71 vs. 42%; P= 0.03), the rate of complications was higher (61 vs. 35%; P= 0.09) and the overall median survival was significantly longer (3.7 vs. 2 months; P=0.02). The Cox regression analysis performed in this study revealed that percutaneous biliary stenting was the only independent predictor of survival. These results indicated that, although it exhibited a high rate of complications, percutaneous biliary stenting is more suitable for patients with malignant hilar biliary obstruction (10) .
In addition, previous studies have reported that the rate of early complications ranges between 5.7 and 28.0%, the procedure-associated mortality rate ranges between 0 and 4%, and the 30-day mortality rate ranges between 9 and 15%. However, the majority of early complications may be treated conservatively, and the 30-day mortality rate was usually associated with the underlying disease (16) (17) (18) (19) . The findings of the present study revealed that the rate of early complications was 15.9%, and all complications were treated conservatively. However, a serious complication occurred in only 1 patient, who succumbed to hemobilia and cholangitis. The procedure-associated mortality rate was therefore 2.6%. Thus, percutaneous biliary stenting may be considered as a relatively safe palliative method.
The hilar bile duct is comprised of isolated segments, and not all of the bile ducts come together, so only the uncovered metallic stent achieves full biliary drainage (5). However, an issue that occurred subsequent to UMS was stent obstruction, which led to patients requiring additional intervention during the limited survival time. Shinchi et al identified that the mean patency duration of the expandable metallic stent alone was 3.7 months (20) . Another study found that the median stent patency was 10 weeks (21) . The primary cause of stent obstruction in the patients that undergo UMS has been identified as tumor ingrowth into the stent mesh (13, 22) . This has also been reported in a previous study that identified a longer patency time in covered metallic stents compared with uncovered metallic stents in the treatment of distal biliary obstruction (23) . Therefore, it is crucial to prolong the duration of the patency to improve the quality of life for the patients with limited life expectancy.
Although RT has frequently been recommended as the main treatment for patients with unresectable hilar cholangiocarcinoma (8, 9, 20, 24, 25) , the use of percutaneous biliary stenting combined with RT to treat patients with unresectable hilar cholangiocarcinoma is rarely reported. When the background of patients in the two groups was not evidently different, the median stent patency was significantly longer in the UMS+RT group than in the UMS group (326 vs. 196 days; P= 0.022). The outcome was virtually identical to prior rarely reports (17, 19) . In addition to extending the stent patency, RT is also conducive to survival following biliary stenting. Isayama et al reported that the cumulative survival rate in the group that underwent stenting combined with RT was not significantly different from the cumulative survival in the non-curative resection group (R1 group). However, the survival time was longer in the UMS+RT group compared with the survival time of the UMS group (22) . Similarly, the present results indicated that percutaneous biliary stenting combined with RT may improve the survival time of patients with unresectable hilar cholangiocarcinoma (median, 367 vs. 267 days; P=0.025).
In summary, percutaneous biliary stenting offers a safe and effective method for providing palliative treatment for patients with unresectable hilar cholangiocarcinoma. Percutaneous biliary stenting combined with RT may prolong stent patency and patient survival time. The limitations of the present study are the retrospective design and small sample size, and consequently, a prospective multicenter large sample study is required to confirm the present findings.
